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I.  INTRODUCTION 


Experiments  using  the  activator  at  the  Ballistic  Research  Laboratory  (BRL) 
have  been  pursued  for  a  number  of  years  with  an  eye  toward  clarifying  the 
mechanisms  involved  in  the  premature  ignition  of  high  explosives  in  the  setback 
1-4 

environment.  In  a  broader  sense,  however,  this  research  sheds  light  on  the 
very  minimum  stimulus  levels  which  cause  violent  reaction  in  explosives  and  may 
be  pertinent  to  ignition  in  a  variety  of  circumstances* 

The  relationship  of  laboratory  scale  experiments  and  large  scale 
"simulation",  such  as  with  the  Naval  Surface  Weapons  Center  (NSWC) 

5-7 

simulator  to  gun  firings  is  a  difficult  issue.  The  appropriate  role  of 
laboratory  experiments  is  not  the  simulation  of  the  artillery  launch 

environment,  but  rather  the  study  of  ignition  mechanisms  under  pressures 
representative  of  setback.  The  experiments  reported  herein  were  conducted  in 
this  spirit.  Therefore,  the  activator  experimental  procedure  is  not  (as  it  has 
been  called)  "an  increased  severity  test."  Father,  it  is  an  isolated  stimulus 
experiment  which  is  designed  to  determine  the  level  of  air  compression  heating 
or  other  stimulus  required  to  ignite  an  explosive  as  a  function  of  various 
parameters.  If  a  premature  occurred  due  to  compressive  heating  ignition,  we 
would  conclude  that  the  explosive  was  locally  subjected  to  the  same  stimulus 
level  determined  in  our  experiments.  In  general,  this  means  that  the  explosive 
must  be  subject  to  the  same  heating  rate.  In  the  case  of  compressive  heating, 
the  heating  rate  is  roughly  proportional  to  the  product  of  the  pressurization 
rate  and  the  cavity  depth.  In  the  case  of  frictional  or  shear  heating,  the 
heating  rate  is  roughly  proportional  to  the  product  of  the  pressure  and  the 
shear  velocity.  In  both  cases,  many  other  factors  are  also  important. 
Pressurization  rates  and  peak  pressures  measured  external  to  projectile  bases 
appear  insufficient  to  produce  the  required  stimulus.  The  maximum  sliding 
velocity  produced  by  projectile  rotation  is  somewhat  below  that  required  for 

o 

ignition  observed  in  activator  experiments  isolating  frictional  heating.0  This 
means  that,  in  order  to  produce  a  premature,  the  stimulus  levels  applied  to  the 
explosive  must  be  amplified  over  and  above  those  present  external  to  the 
projectile  during  launch.  This  may  occur  in  a  number  of  ways.  In  the  case  of 
compressive  heating,  one  way  is  to  amplify  the  pressurization  rate.  This  can 
occur  if  a  loose  charge  impacts  the  base  or  if  a  cavity  fails  to  collapse 
during  the  early  portion  of  pressurization  and  then  collapses  catastrophically 
when  a  critical  pressure  has  been  reached.  A  cavity  collapse  geometry  which 
concentrates  heated  air  on  a  small  portion  of  the  explosive  surface  also 
amplifies  the  stimulus  level.  In  addition,  as  a  cavity  collapses,  shear 
heating  nay  combine  with  compressive  heating  to  produce  an 

g 

ignition.  Hershkowitz  has  suggested  that  prematures  are  rare  because  they 
require  two  or  more  low  probability  conditions  to  exist  simultaneously.  For 
example,  a  sufficiently  large  cavity  must  be  coupled  with  an  abnormally  severe 
launch  environment.  The  relationship  between  the  local  heating  rate 
experienced  by  an  explosive  fill  and  the  pressure  stimulus  external  to  the 
projectile  is  complicated  and  has  not  been  established.  We  have  not  pursued 
this  avenue.  Our  approach  has  been  to  determine  the  parameters  which  govern 
ignition  by  the  most  likely  mechanisms  in  order  to  provide  guidance  for  the 
design  of  more  premature-resistant  projectile  systems. 
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II.  REVIEW  OF  COMPRESSIVE  HEATING  OBSERVATIONS 


When  a  small  volume  of  gas  is  compressed  very  rapidly  such  that  no  energy 
transport  can  occur,  a  high  temperature  reservoir  (hot  spot)  is  created  which 
may  subsequently  heat  an  adjacent  explosive  layer  to  the  point  of  ignition. 
This  process  is  referred  to  as  ignition  by  adiabatic  compression  of  the  gas. 
If,  on  the  other  hand,  the  gas  is  compressed  very  slowly,  no  temperature 
increase  occurs  and  no  explosive  ignition  can  follow.  Between  these  limits 
lies  the  compressive  heating  regime  in  which  the  compression  occurs 
sufficiently  slowly  that  considerable  energy  is  transported  by  conduction  and 
convection  during  the  process.  Compressive  heating  has,  therefore,  received 
attention  primarily  as  a  source  of  ignition  which  is  active  when  the  observed 
time  to  ignition  is  in  the  ten  microsecond  to  ten  millisecond  range,  a  time 
scale  which  is  typical  of  the  setback  of  the  explosive  fill  in  a  projectile 
during  launch. 

Compressive  heating  ignition  has  been  the  subject  of  extensive  analytical 
and  experimental  study  at  BRL.  The  experimental  investigation  was  conducted 
using  an  apparatus,  referred  to  as  the  activator,  which  was  originally 
designed  at  Picatinny  Arsenal  as  a  laboratory- scale  artillery  setback 

simulator .1®  This  was  used  in  its  original  form  in  preliminary  experiments  to 
produce  data  which  revealed  the  role  of  air  in  causing  ignitions  during 
compression.  Subsequently,  the  activator  was  modified  and  further 
instrumented  so  that  more  definitive  data  could  be  extracted  from  the  tests 
and  direct  comparisons  to  the  predictions  obtained  from  analytical  models 
could  be  made.  In  particular,  the  activator  has  been  used  to  explore  ignition 
of  Composition  B  and  TNT  as  well  as  a  number  of  other  explosives  caused  by  the 
rapid  compression  of  air  trapped  in  contact  with  the  explosive. 

A  number  of  observations  from  our  study  of  air  compression  heating  are 
pertinent  to  the  present  study.  As  a  result  of  our  earlier  testing,  we 
learned  that  this  is  indeed  a  viable  mechanism  for  ignition  at  relatively  mild 
stimulus  levels  and  we  established  pressurization  rate  and  cavity  size  as  the 
principal  governing  parameters.  We  found  that  sensitivity  is  substantially 
influenced  by  the  geometry  of  cavity  collapse  and  the  state  of  the  explosive 
surface.  Convergent  geometries,  which  concentrate  heated  air  on  a  small 
portion  of  the  explosive  surface,  are  more  sensitive  as  are  nonporous 
surfaces,  which  prevent  leakage  of  air  away  from  the  Ignition  site. 

In  this  earlier  work,  care  was  taken  to  decouple  the  stimulus  level  from 
the  explosive  mechanical  properties  by  using  cavities  external  to  the 
explosive  which  collapse  without  mechanical  failure  of  the  explosive.  More 
recently,  we  have  turned  our  attention  to  a  series  of  experiments  in  which 
controlled  cavities  in  cast  Composition  B  are  subjected  to  deformation  both 
with  and  without  simultaneous  air  compression  as  well  as  air  compression 
without  deformation.  This  series  of  tests  can  be  used  to  explore  the  role  of 
explosive  deformation  in  ignition.  In  particular,  we  were  interested  in 
determining  whether  deformation  produces  sufficient  heating  to  cause  ignition 
or  simply  acts  to  increase  the  local  air  pressurization  rate. 
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III.  DESCRIPTION  OF  THE  EXPERIMENTS 


A.  The  Activator 

The  activator,  as  presently  used,  is  illustrated  schematically  in  Figure 
1.  The  test  section  consists  of  a  mild  steel  heavy  confinement  cylinder 
enclosing  the  explosive  sample  and  a  hardened  steel  driving  piston.  A 
hardened  steel  gage  block*  on  which  a  manganin  foil  pressure  gage  Is  mounted*  la 
tightly  bolted  to  the  back  of  the  confinement  cylinder  and  the  explosive 
sample  is  inserted  into  the  bore  adjacent  to  the  gage.  A  gap  or  cavity  of 
some  type  is  left  adjacent  to  the  sample.  The  gage  block  rests  against  a 
rigid  stop  which  incorporates  an  adjustment  screw  to  accommodate  test  fixtures 
of  different  lengths  and  to  allow  easy  installation.  The  driving  piston  is 
activated  by  a  larger  piston  which  is  initially  held  in  place  using  shear 
pins.  The  large  piston  is  set  in  motion  by  pressure  developed  in  the  breech 
which  is  instrumented  with  a  pressure  transducer.  The  free  run  allowed 
between  the  large  piston  and  the  driving  piston  is  used  to  set  the  stimulus 
level  to  be  applied. 

In  order  to  fire  a  shot,  the  breech  is  pressurized  using  compressed  air 
until  the  shear  pins  fail.  The  large  piston  accelerates  through  the  free  run 
and  impacts  the  driving  piston.  The  momentum  developed  by  the  pistons  is 
transformed  to  an  impulse  delivered  to  the  air  gap  and  explosive  sample.  The 
pistons  may  then  rebound  and  strike  the  explosive  again  delivering  a  second 
impulse.  The  breech  pressure  begins  at  the  shear  pin  failure  pressure  and 
drops  linearly  with  time  during  the  test  to  a  value  associated  with  the  final 
volume  of  the  breech.  An  average  value  of  breech  pressure  during  piston 
motion  may  be  used  in  conjunction  with  free  run  to  estimate  the  momentum  of  the 
large  piston  when  it  impacts  the  driving  piston. 

A  disadvantage  of  this  test  configuration  is  that  extrusion  of  explosive 
between  the  gage  block  and  the  confinement  cylinder  may  occur.  Ignitions 
caused  by  extrusion  are  readily  identifiable  as  late  events  on  the  pressure 
records.  We  determined  that  free  runs  in  excess  of  25  mm  are  required  to 
produce  extrusion  ignitions.  This  free  run,  therefore,  represents  a  practical 
upper  limit  of  activator  operation.  However,  this  limit  was  sometimes 
violated  since  it  is  possible  to  distinguish  extrusion  ignitions. 

B.  Dimple  Tests 

Previously,  care  was  taken  to  isolate  the  effects  of  air  compression  from 
those  of  explosive  deformation  during  cavity  collapse.  This  was  accomplished 
by  placing  the  cavity  in  a  material  external  to  the  explosive.  The  next 
logical  step  in  the  investigation  was  to  develop  a  series  of  experiments  in 
which  the  deformation  effects  are  included,  in  isolation  from  as  well  as  in 
combination  with  compressive  heating.  The  dimple  tests  were  designed  to 
accomplish  this. 

There  are  three  variations  of  the  dimple  test.  The  experimental 
configuration  for  each  is  shown  schematically  in  Figure  2.  In  the  standard 
dimple  test,  a  cylindrical  cavity  or  dimple  of  controlled  depth  and  diameter 
is  cast  into  one  end  of  the  explosive  sample.  The  sample  is  inserted,  dimple 
up,  into  the  confinement  cylinder.  A  thin  polyethylene  film  attached  to  the 
face  of  the  driving  piston  improves  the  seal  against  the  face  of  the  explosive 
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sample.  In  another  variation,  vacuum  hardware  is  used.  Prior  to  firing,  the 
piston  is  inserted  into  the  bore  hole  but  held  away  from  the  sample  until 
sufficient  vacuum  has  been  produced  using  a  vacuum  pump.  The  piston  is  then 
allowed  to  move  forward  against  the  sample,  sealing  a  vacuum  into  the  dimple. 

The  vacuum  pump  continues  to  operate  until  after  the  firing  is  completed.  In 
a  third  variation,  the  dimple  is  cast  into  a  piece  of  Bow  Corning  Sylgard  182 
which  is  placed  in  contact  with  an  undimpled  explosive  sample.  All  other  test 
procedures  are  as  previously  described. 

In  the  vacuum  dimple  test,  only  deformation  heating  can  produce  an 
ignition.  In  the  Sylgard  dimple  test,  only  air  compression  heating  occurs. 

Both  heating  mechanisms  are  combined  in  the  standard  dimple  test. 

C.  Sample  Preparation 

The  Compostion  B  samples  were  prepared  by  casting  short  12.7-mm  diameter 
cylinders.  In  order  to  prepare  dimpled  samples,  a  casting  plate  with 
cylindrical  protrusions  of  adjustable  height  was  used  beneath  the  mold.  Two 
different  nominal  dimple  diameters  were  produced.  Dimple  depth  and  diameter 
were  measured.  For  undimpled  samples ,  a  polished  casting  plate  was  used.  All 
samples  were  then  finished  to  a  length  of  12.7  mm  by  cutting  and  polishing  the 
opposite  end.  Dimpled  and  undimpled  samples  as  well  as  Sylgard  dimples  are 
shown  in  Figure  3.  The  densities  of  all  samples  were  determined  and  all 
samples  were  inspected  radiographically.  Any  sample  appearing  to  have  voids 
was  rejected.  Dimple  depth  and  diameter  were  measured. 

D.  Characterization  of  Stimulus  Levels 

In  our  earlier  tests  with  cavities  external  to  the  explosive,  pressure 
conditions  in  the  vicinity  of  the  cavity  could  be  inferred  from  the  pressure 
records  from  the  manganin  gage  at  the  base  of  the  sample.  This  provided  us 
with  a  pertinent  characterization  of  the  stimulus  level.  In  the  dimple  test, 
however,  the  conditions  as  the  cavity  collapses  are  complicated  and  the 
heating  rate  bears  no  simple  relation  to  the  pressure  record.  The  best 
measure  of  applied  stimulus  level  must  be  Judged a  therefore t  by  the  degree  to 
which  it  segregates  go  and  no  go  results  in  a  plot  of  stimulus  level  versus 
cavity  size. 

Several  pertinent  measures  of  stimulus  level  are  available.  The  simplest 
of  these  is  the  free  run  of  the  activator.  The  stimulus  generally  increases 
with  increasing  free  run.  Since  the  breech  pressure  at  which  the  shear  pins 
fail  varies  from  shot  to  shot,  the  impact  momentum  may  be  calculated  from  the 
free  run  and  the  shear  pin  failure  pressure,  providing  a  second  measure  of 
stimulus  level  which  should  be  an  improvement  over  the  free  run.  Note  that 
friction  is  ignored.  Finally,  information  from  the  manganin  gage  record  can 
be  used.  Since  this  is  closest  to  the  event,  it  should  provide  the  best 
characterization  of  the  stimulus  level.  In  this  case,  the  problem  of  what 
aspect  of  the  pressure  record  to  use  arises.  Peak  pressure  cannot  be  used 
since  the  occurrence  of  an  ignition  before  peak  pressure  is  achieved  obscures 
this  information.  Experience  has  taught  us  that  pressurization  rate  is  a  good 
indicator  of  stimulus  level.  However  pressurization  rate  is  observed  to  vary 
during  the  test,  exhibiting  several  peaks  of  approximately  the  same  value. 

Either  the  average  of  the  peak  pressurization  rates  or  an  overall  average 
pressurization  rate  which  includes  the  plateaus  or  falling  regions  can  be 
used. 
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Figure  3.  Dimpled  and  Undimpled  Composition  B  Samples  and  Sylgard  Dimples. 
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These  four  stimulus  characterization  parameters  are  compared  in  Figures  4 , 
5  and  6  for  the  three  tests  of  the  dimple  series.  In  Figure  4,  each  parameter 
has  been  plotted  against  dimple  depth  for  the  Sylgard  dimple  test  with 
Composition  B.  Reasonable  results  are  achieved  using  free  run,  but  impact 
momentum,  average  peak  pressurization  rate  and  average  pressurization  rate  do 
not  provide  adequate  segregation.  Similar  plots  for  the  vacuum  dimple  test 
are  shown  in  Figure  5*  In  this  case  free  run  is  clearly  be3t  and  average  and 
average  peak  pressurization  rates  are  also  acceptable  while  impact  momentum 
fails.  Finally,  the  plots  for  standard  dimples  are  shown  in  Figure  6.  The 
best  data  segregation  is  achieved  using  free  run.  Reasonable  results  are  also 
obtained  with  pressurization  rate  but  a  few  anomalous  points  appear.  Use  of 
impact  momentum  or  average  pressurization  rate  produces  a  wide  band  of  mixed 
data.  Thus,  free  run  is  the  only  parameter  producing  good  data  segregation  in 
all  three  tests. 


IV.  DIMPLE  TEST  RESULTS 


A.  General  Observations 

Typical  manganin  gage  pressure  records  from  the  base  of  the  sample  are 
illustrated  in  Figure  7.  The  pressure  histories  observed  may  be  generally 
categorized  according  to  the  nature  of  the  rising  portion  of  the  impulse. 

When  Sylgard  dimples  were  used  the  pressure  was  observed  to  rise  in  a  series 
of  steps  as  in  Figure  7a.  The  pressurization  rate  between  the  plateaus  was 
roughly  the  same.  Results  obtained  with  dimpled  explosives  were  often 
similar.  However,  the  pressure  was  frequently  observed  to  rise  and  fall  quite 
markedly  during  pressurization  as  in  Figure  7b.  This  occurred  for  both 
ignitions  and  nonignitions  and  is  probably  associated  with  cavity  collapse. 

Ignition  may  occur  during  the  rising  portion  of  the  pressure  history  or  be 
delayed  until  after  the  pressure  has  peaked.  The  latter  behavior  is  more 
frequently  observed  with  dimpled  explosive.  Samples  that  were  recovered  after 
firing  always  showed  the  dimple  to  be  completely  closed.  Samples  before  and 
after  testing  are  compared  in  the  photograph  of  Figure  8. 

B.  Preliminary  Observations  with  Composition  B  -  Effects  of  Dimple  Depth 

To  date  only  Composition  B  has  been  subjected  to  dimple  testing.  Nominal 
dimple  depths  of  0.4,  0.8,  1.1  and  1.5  mm  with  a  diameter  of  about  8.5  mm  were 
used  in  the  initial  test  series.  The  plots  of  Figures  4a,  5a  and  6a  in  the 
free  run  -  dimple  depth  plane,  using  different  symbols  for  ignition  and 
nonignition,  are  useful  for  comparing  the  results.  The  results  for  the 
Sylgard  dimple  test  are  shown  in  Figure  4a.  In  this  case,  we  observe 
sensitivity  which  increases  with  increasing  dimple  depth.  This  is  consistant 
with  our  previous  observations  and  is  not  surprising.  The  results  of  the 
vacuum  dimple  test,  shown  in  Figure  5a,  are  also  as  expected.  Ignition  under 
vacuum  was  only  possible  with  the  deepest  dimples  at  the  longest  free  runs. 
The  results  when  the  mechanisms  are  combined  in  the  standard  dimple  test  are 
more  complicated  as  shown  in  Figure  6a.  No  ignitions  were  observed  with  the 
shallowest  dimples  (  ~  0.4  mm).  Sensitivity  to  ignition  with  dimples  with  a 
nominal  0.7-mm  depth  exhibits  a  strong  dependence  on  dimple  depth.  Dimples 
shallower  than  about  0.7  mm  do  not  produce  ignition  while  dimples  slightly 
deeper  than  that  produce  ignition  over  a  relatively  wide  range  of  free  run. 
This  dimple  depth  represents  a  cut-off  value  below  which  ignition  does  not 
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Figure  6.  Comparison  of  Data  Segregation  Achieved  with  Each  of  Four  Stimulus 
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Figure  8.  Comparison  of  Dimpled  Samples  Before  and  After  Testing. 
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occur.  Between  0.7  and  1.2  mm,  sensitivity  is  independent  of  dimple  depth. 

The  sensitivity  then  appears  to  decrease  slightly  as  the  dimple  depth 
increases  to  about  1.5  mm. 

Additional  observations  may  be  made  by  comparing  thresholds  from  the  three 
tests  as  in  Figure  9.  At  the  shallow  dimple  end,  the  thresholds  for  air 
compression  only  and  the  combined  mechanisms  appear  to  coincide.  As  dimple 
depth  increases,  the  sensitivity  to  the  combined  mechanisms  suddenly  becomes 
independent  of  dimple  depth  and  is  higher  than  the  sensitivity  to  air 
compression  alone.  With  a  continuing  increase  in  dimple  depth,  sensitivity  to 
air  compression  continues  to  increase  while  sensitivity  to  the  combined 
mechanisms  decreases  slightly  such  that  sensitivity  to  air  compression  is 
greatest.  Finally,  note  that  ignition  due  to  deformation  alone  requires 
substantially  higher  stimulus  levels. 

A  number  of  samples  were  sectioned  in  an  effort  to  determine  the  flow 
pattern  leading  to  cavity  collapse.  The  sectioned  sample  shown  in  Figure  10 
exhibits  two  features  of  interest.  First,  the  cavity  appears  to  have  closed 
by  inward  radial  flow  of  material  from  the  shoulders  of  the  dimple.  In 
addition,  a  conical  region  of  deformation  beneath  the  dimple  is  visible  and 
the  original  bottom  surface  has  been  displaced  upward. 

C.  Interpretation 

The  observations  suggest  that  the  cavity  in  the  explosive  may  close  in  at 
least  two  different  ways  depending  on  dimple  depth.  Since  the  air  compression 
and  combined  mechanism  thresholds  coincide  with  shallow  dimples,  the  collapse 
of  the  Sylgard  and  explosive  dimples  must  be  geometrically  similar  in  this 
case.  Cavity  closure  for  shallow  dimples  presumably  occurs  by  axial  flow. 

The  sudden  transition  observed  in  the  dimple  test  marks  a  transition  to  radial 
cavity  closure,  a  highly  sensitive  mode  for  which  dimple  depth  independence 
would  be  expected.  The  subsequent  decrease  in  sensitivity  may  be  due  to  a 
continuing  change  in  the  collapse  geometry  or  increasing  porosity  of  the 
collapsing  surface.  Since  deformation  only  requires  higher  stimulus  levels  we 
conclude  that  the  primary  ignition  mechanism  in  the  dimple  test  is  compressive 
heating  of  air, 

D.  Further  Observations  with  Composition  B  -  Effects  of  Dimple  Diameter 

Dimple  and  vacuum  dimple  tests  were  subsequently  conducted  with  dimples 
having  a  smaller  nominal  diameter  of  6.5  mm  and  nominal  depths  of  0.4,  0.8, 

1.1  and  1.5  ram.  The  results  for  these  are  plotted  in  Figures  11  and  12  and 
the  thresholds  are  compared  in  Figure  13.  Similar  results  were  observed.  In 
this  case,  no  Sylgard  dimple  tests  have  been  done.  Again,  ignitions  could  not 
be  obtained  below  a  cut-off  cavity  depth  for  the  combined  mechanisms.  The 
flat  region  following  the  transition  is  not  as  long  and  the  decrease  in 
sensitivity  with  increasing  dimple  depth  is  more  marked.  For  the  deepest 
dimples,  the  ignition  thresholds  for  deformation  only  and  the  combined 
mechanisms  appear  to  coincide.  Results  with  large  and  small  diameter  dimples 
are  compared  in  Figures  14,  15  and  16.  In  the  vacuum  case,  the  6.5-nae 
diameter  dimples  were  a  little  more  sensitive  than  the  8.5-mm  diameter  dimples 
as  shown  in  Figure  14.  As  shown  in  Figure  15,  for  the  combined  mechanisms, 
the  small  diameter  dimples  are  generally  less  sensitive  above  the  cut-off 
depth.  Figure  16  is  a  plot  of  free  run  versus  dimple  aspect  ratio  (depth 
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Figure  10.  Sectioned  Composition  B  Sample 
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Figure  XI.  Vacuum  Dimple  Test  Results  for  Composition  B  with  6.5"mm  Diameter 
Dimples. 
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divided  by  diameter).  The  results  show  little  or  no  difference  in  the  cut-off 
aspect  ratio  for  the  two  diameters.  It  remains  to  be  determined  whether  this 
scaling  applies  over  a  wider  range  of  dimple  depth  and  diameter. 


V.  CONCLUSION 

As  a  result  of  our  work  thus  far,  we  have  found  that  when  the  air 
compression  and- deformation  heating  mechanisms  are  combined  the  dominant 
ignition  mechanism  is  compressive  heating  of  air  strongly  influenced  by  the 
cavity  collapse  geometry  and  possibly  by  alteration  of  the  state  of  the 
explosive  surface.  This  result  is  in  agreement  with  Frey’s  theoretical 

assessment^  which  indicates  that  the  air  compression  mechanism  dominates  for 
large  cavities  at  low  pressurization  rates.  The  hypothesis  of  a  transition 
from  axial  to  radial  cavity  collapse  with  increasing  dimple  depth  seems  to 
explain  the  observed  behavior.  Deformation  heating  is  the  dominant  mechanism 
only  for  high  aspect  ratio  dimples.  The  observed  cut-off  value  of  dimple 
depth  suggests  that  it  may  still  be  possible  to  establish  a  maximum  base 
separation  criterion  for  munitions.  However,  the  way  in  which  this  phenomenon 
depends  on  dimple  geometry  remains  to  be  determined.  Further,  any  base 
separation  criterion  must  be  applied  to  rounds  as  fired  and  not  as  they  come 
off  the  production  line.  Thus,  a  relation  between  conditions  in  the  field  and 
conditions  at  production  must  be  established. 
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